INTRODUCTION
It is well known that the majority of Alternaria species are saprophytic fungi. However, some species may appear as significant parasites of cultivated plants (T h o m m a , 2003) . Soybean is infected by species from this genus, most frequently by Alternaria alternata and A. tenuissima (S i n c l a i r and B a c k m a n , 1989; B a i r d et al., 2001) . These species most frequently cause pathological changes on seed, and rarely on leaf and stem (S i n c l a i r and B a c k m a n , 1989). However, these parasites are of low economical significance (B a i r d et al., 2001) . Additionally, Alternaria spp. are described as facultative parasites of soybean seed in Serbia (M e d i ć et al., 2007) , but there have not been detailed investigations.
During the inspection of soybean seed health originating from different regions of Serbia, fungi from genus Alternaria were frequently isolated. It was noticed that seed infected with Alternaria spp. does not germinate and it rots completely. Therefore, under certain conditions, these species may be considered as important seed pathogens and should be investigated more thoroughly. Due to previously mentioned, species from genus Alternaria originating from soybean seed were determined according to cultural, morphological and molecular characteristics, and their pathogenicity on seed and adult soybean plants was examined.
MATERIALS AND METHODS

Isolation of fungi
During 2008 and 2009 a soybean seed health was observed through analyses of a large number of samples from different regions in Serbia. Phytopathological isolations on PDA (Potato Dextrose Agar) were carried out from 100 randomly selected seeds. The isolations were also performed from necrotic spots on leaf and stem. For further research, 19 monosporial isolates were chosen -13 from the seed and 3 from both leaf and stem (Table 1. ).
Cultural and morphological characteristics
For the analysis of cultural characteristics of Alternaria spp. isolates, three nutritive media were used: Malt Agar (MA), V8 Agar and Potato Carrot Agar (PCA), whereas for morphological features only PCA was used.
Isolates were cultured in Petri dishes (diameter 90 cm) at room temperature (around 24 °C) for 5 days in the dark. Afterwards, they were constantly exposed to the fluorescent light for 2 days, following the recommendations of S i m m o n s (2007). Colony growth was determined after 2, 5 and 7 days by measuring colony diameter. After 7 days, morphology of the colonies on used nutritive media was described (color, structure, aerial and substrate mycelia). Microscopic examinations of the morphological characteristics of reproductive organs of isolates (conidia, conidiophores, chain formation etc.) were carried out after 7 days of colony development on PCA. In six isolates (4 from seed and one from both leaf and stem) dimensions of 100 conidia were measured.
Molecular characteristics
Molecular characteristics of the studied isolates were determined by DNA extraction from 100 mg mycelia using "Plant DNeasy Mini Kit" (Qiagen). ITS1-5.8S-ITS2 region of ribosomal DNA was amplified using specific primers for fungi ITS1F (G a r d e s and B r u n s , 1993) and ITS4 (W h i t e et al, 1990). PCR reaction was performed in 30 μl of total volume following the protocol described by W h i t e et al . (1990) . Prior to sequencing, DNA was purified using QIAquick PCR Purification Kit (Qiagen) following the instructions of the producer.
Phylogenetic analysis
Analysis of ITS sequences was performed using CLUSTAL W software (L a r k i n et al., 2007) . Sequences were compared with a total of 18 ITS1-5.8S--ITS2 sequences obtained from GeneBank: 7 Alternaria species that belong to A. tenuissima group, as well as 6 sequences from 3 other Alternaria species. Accession numbers of all the sequences are given in the Table 2 .
Pathogenicity test
Pathogenicity test of chosen isolates was performed on soybean seed and plants.
Inoculum for artificial inoculations of seed and plants was prepared on PDA, where isolates were grown for 7 days. In Petri dishes with colonies, 50 ml of sterile water was added in order to acquire conidial suspension. Concentration of conidia was not determined; however, their ability to germinate was tested prior to the inoculation.
Seed inoculation
Soybean seeds, cv. Sava, were surface sterilized in 1% sodium hypochlorite solution, for three minutes, rinsed two times in sterile water and then kept soaked in conidial suspension for two hours. Afterwards, seeds were placed on filter paper in 90 mm diameter Petri dishes. For every isolate, 4 Petri dishes were used with 10 seeds in each (four replications). Germination was done in incubator at 25 °C. After 7 days, a percentage of germinated healthy and rotten seeds were calculated. The controls were sterilized seed soaked in sterile water for two hours (K1), and unsoaked, dry, surface sterilized seed (K2).
Inoculation of plants
Adult plants, cv. Sava, were grown in vegetation shed in Micherlich's pots. Inoculation was performed by spraying the plants in their flowering stage (phenophase R2) with conidial suspension using small hand sprayer. Isolates A118, A134, A136 and A147 were used. After inoculation, plants were covered with wet polyethylene bags for 4 days. Plants used for control were sprayed only with water. Symptom development was monitored and reisolations on PDA were carried out. 
Data analysis
Data on pathogenicity of the tested isolates were analyzed with Statistica 9.1 using ANOVA and Duncan's Multiple Range Test (D u n c a n, 1955) with significance level of 1 and 5%.
RESULTS
Cultural characteristics
Development and the appearance of colonies of all 19 isolates were observed on Malt Agar, V8 Agar and Potato Carrot Agar. Some differences regarding the isolate growth intensity were observed (Chart 1 a, b and c) . The weakest growth was noted on MA, where the average colony diameter was 42.9 mm after 7 days. On other 2 media, colony growth was more or less even and faster than on MA (average diameter on V8 and PCA was 66.8 mm and 66.1 mm after 7 days, respectively). Some differences were observed in colony appearance on different media. On MA, aerial mycelium was less abundant with less obvious zones. Colonies had loose aerial mycelia with two differently colored, poorly distinguished zones, dark olive grey to black in the centre, and lightly colored on margins. Substrate mycelium was radial and similarly colored as aerial with two weakly notable zones (Figure 1a) .
Colonies formed abundant and compact mycelia with 2-4 dark and light concentric zones on PCA. Central part of the colony was greenish black, while the margin was grey (Figure 1b) . Substrate mycelium was well developed and radial. Clearly observable concentric zones were formed, from dark olive greenish black in the center to greyish on the edge.
On V8, isolates form dense and compact aerial mycelia with 3-4 differently coloured concentric zones. Colour of mycelia varies from greenish black in centre to gray and black on margin (Figure 1c) . The substrate mycelia is weakly developed with weakly distinguished zones dark gray in centre and lightly gray on margins. 
Morphological characteristics
Morphological characteristics of reproductive organs were observed through microscopic observations of isolates grown on PCA. Morphology of conidiophores, conidia and the structure of conidial chains were described. All isolates formed conidia in chains, which were mostly unbranched, only rarely sympodially branched (predominantly one lateral branch with 3-5 conidia in chain). There were 5-12 conidia in one chain (Figure 2) .
Apical conidia in chain are smaller, oval without articulated beak and have no septae while they are young. In time, 2-3 transverse septae, and very rarely longitudinal, may form. Conidia that are closer to the base and conidiophores are elongate to elliptic with conspicuous beak. They most frequently have 2-7 transverse septae and rarely few longitudinal septae. Conidia that are in the middle of the chain are also elongate to elliptic, large with more transverse and longitudinal septae (Figure 3) .
Some conidia have punctulate ornamental surface of the cell wall. Conidia are formed on simple, non-branched conidiophores of various lengths. Dimensions of conidia of 4 isolates from soybean seed and one isolate from both leaf and stem are shown in Table 3 . Conidia from leaf are much smaller in size in comparison to conidia from seed and stem. Based on cultural and morphological characteristics, it can be concluded that the examined isolates are Alternaria tenuissima.
Molecular characteristics
Sequencing of the ITS1-5.8S-ITS2 rDNA gave products that ranged from 566 to 576 base pairs. Sequence homology of tested Alternaria tenuissima isolates was 99% with isolates that belong to A. tenuissima group (Table 2) . In order to confirm this, isolate 147 should also be 99%, which cannot be observed from the table.
Pathogenicity test
Pathogenicity test on filter paper proved that all examined isolates were pathogenic to soybean seed (Table 4) . Pathogenicity was manifested in the form of seed rot (Figure 4) .
The percent of rotten seeds varied from 12.5 to 40.0% (Table 4 ) depending on A. tenuissima isolate. Isolates A118, A143 from stem, A139, A130, A131, A133, A134, A137, A138, A141 from seed and A144 from leaf caused significantly higher pathogenicity than the control K2 (surface sterilized, unsoaked, dry seed), while lower number of isolates expressed highly significant statistical differences in comparison to K2 (A118, A129, A130, A137, A138, A141, A144). The results from Table 4 show that there is a statistically significant difference in pathogenicity between the isolates. Tested isolates expressed low level of pathogenicity on the inoculated soybean plants. Symptoms, such as small necrotic spots, were observed on some leaves. Spots were round, 2-3 mm in diameter with light grey center and reddish to brown margin ( Figure 5 ). Only few spots were formed on leaves, and they were not merging or causing leaf decay. Symptoms were not observed on stem and pod. . However, determination of the isolated species has not been done so far, nor has detailed investigation on their cultural morphological, molecular or pathogenic characteristics been performed.
In this paper, cultural, morphological and molecular characteristics of collected Alternaria spp. isolates were studied and species was determined based on acquired results. Also, pathogenicity of isolates was tested on seeds and soybean plants.
The slowest growth was noted on Malt agar (MA), where colony diameter was 42.9 mm on average after seven days of incubation. On other two media (V8 and PCA), colony growth was uniform and faster with average diameter of 66.8 mm and 66.1 mm after 7 days, respectively. It was determined that examined isolates form unbranched, or rarely and poorly branched conidial chains, on short non-branched conidiophores. Conidia are dark in colour, multicellular with transverse and longitudinal septae, they are of different size and shape regarding the age and the place of formation in the chain. Classification of Alternaria species is mostly based on the type of conidial chain formation, while the size of conidia is less relevant due to great variability (T h o m a , 2003) . Regarding all the tested characteristics, and in comparison with the results of other authors engaged in the field of taxonomy of genus Correct identification of plant pathogenic Alternaria species demands combining classical methods that comprise morphological and cultural characteristics, and modern methods, such as molecular, which enable molecular systematization of the target population. Analysis of ITS rDNA proved that investigated isolates belonged to A. tenuissima group. ITS sequencing was used for determination of Alternaria isolates from pistachio, and considering the minimal variation in ITS sequences among some Alternaria spp., it was suggested that this region was inappropriate for taxonomic resolution of those species (P r y o r and M i c h a i l i d e s, 2002). However, previous research supported the use of ITS sequence analysis in resolving the genus Alternaria into species-groups correlating in morphology and differentiating among closely related species within groups (P r y o r and G i l b e r t s o n, 2000). Besides ITS sequencing, Alternaria tenuissima was determined by using AFLP (G a n n i b a l et al., 2007) , microsatellite fingerprints (P r y o r et al., 2003) and RAPD-PCR (S h a f i q u e et al., 2009) . However, all the analyses were conducted along with morphological, cultural and pathogenic characterization of the tested isolates, which proved these classical analysis to be inevitable for accurate determination of Alternaria tenuissima isolates.
As it was already mentioned, fungi of Alternaria spp. are present in high percentage in soybean seed in Serbia (M e d i ć -P a p et al., 2007 ; P e t r o v i ć and V i d i ć , 2010). However, their harmfulness in seed production is still unknown. The results obtained in this research show that A. tenuissima isolates in laboratory tests cause significant and highly significant seed rot. Variability within the population of this pathogen is presented. Degree of pathogenicity is not geographically related, nor does it depend on the location of isolation from the plant (soybean seed, stem or leaf). The tested isolates, regardless of their origin, manifest very low pathogenicity on leaf. Based on our observations from several years, in field conditions, symptoms on leaf are rare and have no economical significance. Obtained results indicate that, in favourable weather conditions, A. tenuissima could have economic significance in seed crop production (reduction of number of plants) and could influence decreased technological value of mercantile seed.
